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(I) 



wherein Ar 1 and Ar 2 , which are different from each other, 



each represent a substituted or unsubstituted phenyl 
group, a substituted or unsubstituted naphthyl group, a 
pyridyi group, a quinoryl group, an laoqulnolyl group, a 
furfuryl group, a benzolurf uryl group, a thierryi group, or 
a benzothlenyl group. 

Transition metal complexes containing diphosphine 
compound b as (Igands, where the complex catalyzes 
various asymmetric synthesis reactions, e.g. , asymmet- 
ric hydrogenation or asymmetric hydrosilylation, exhib- 
iting excellent performance in selectivity, conversion 
and catalytic activity, to provide a product of desired ab- 
solute configuration at high optical purity and in high 
yield. 
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Description 

This invention relates to novel chiral unsymmetric diphosphine compounds, intermediates therefor process for 
preparing the intermediates and diphosphate compounds. The invention further relates to transition metal complexes 
containing diphosphine compounds as ligands. 

Many transaton ma tat complexes have been used as a catalyst for asymmetric synthesis, such as asymmetric 
hydrogenation, asymmetric Isomertzation. and asymmetric hydrosBylation, and a good number of reports have bean 
made on such transition metal complex catalysts. 

Many complexes exhibiting excellent performance in catalytic asymmetric synthesis are found among those com* 
prising a transition metal, e.g., rhodium, ruthenium, iridium, palladium or nickel, and an optically active tertiary phos- 
phine compound as a iigand. To further improve the performance of these catalysts, various phosphine compounds 
having a unique- structuro have boon developed to dato as disclosed, e.g., in Nippon Kagakukai (od). KAGAKU SO- 
SETSU. Vol. 32, pp. 237-238, 'WW KIN20KU SAKUTAI NO KAGAKU" (1932) and RyoJI Novorl. Asymmetric Catarvsis 
In Organic Synthesis. A Wilsv-intersclence Publication. 

In particular, 2,2 , ^is(d^eriylpht>sphino)-1 .V-binaphtftyl (hereinafter abbreviated as BINAP) is one of axceQent 
phosphine ligands, and a rhodium complex and a ruthenium complex using BINAP as a Iigand have been reported in 
JP-A-55-61 937 and JP-A-61 -63690 (the term *JP-A B as used herein means an 'unexamined published Japanese patent 
application 1 ). JP-A-60-1 99398 and JP-A-61 -63690 roport that a rhodium or ruthenium complex using 2.2 , «bis[di(p-taiy1) 
phosphtnol-1 . V-btnaphthylas a Iigand brings satisfactory reaction results In asymmetric hydrogs nation and asymmetric 
isomerization. JP-A-3-255090 declares that a ruthenium complex having 2,?-bls{dl(3,5-daIkytpheny1)phosphtno}-l , V- 
binaphthyl gives good resufts h asymmetric hydrogenation of f^keto esters. 

The above-mentioned phosphine compounds can be prepared by, for example, a process comprising bromination 
of a racomic'btnaphthol compound with triphonylphosphino dibromido at a high tomporaluro (o.g., 240 to 320*C), 
forming a Grignard reagent and condensation of the Grignard reagent with a diarytphosphinyl chloride to obtain a 
phosphine dioxide compound, optica Qy resoMng the phosphine dioxide compound, and reducing the resulting optically 
active compound with a reducing agent, e.g., trichlofosDane to obtain a tertiary phosphine compound (BJ NAP derivative) 
feeeJ. Pro. Chem. Vol. 51 , p. 629 (1 9B6)). BINAP can also be synthesized by preparing 2^-bis(trh1uoromethanssul- 
fonykay^l.V-binaphthyl from optically active binaphthol and reacting the compound with diphenyl phosphine in the 
presence of a nfckel-phosphine complex as described in J. Org. Chem.. Vol. 59, pp. 7160-7181 (1994). 

In recent years, a iigand having a binaphthyl skeleton and yet having an unsymmetric structure with no Cj chiraDty 
due to the different substltuenta on the 2- and 2 > -posltions has been synthesized, and transition metal complexes using 
this Bgand have been reported (see J. Am. Chem. Soc.. Vol. 115, p. 7033 (1 993) and JP-A-6-263776). For example, 
2-(dipheny(phosphinoH,V-bln^ was found to axhbtt excellent per- 

formance In asymmetric hydro/ ormytation of olefins. 

However, compounds having an optically pure binaphthyl skeleton generally meet difficulty in modifying with a 
functional group as compared with those derived from optically pure tartaric acid or amho acid There are only a few 
reports on synthesis of that kind a! derivatives or ligands having an unsymmetric structure. 

When used In asymmetric synthesis, a transition metal complex having, as a Iigand. a known symmetric phosphine 
compound, such as BINAP, is often unsatisfactory in selectivity (chemoseledlvtiy and enantioaeledhrtty), conversion, 
catalytic activity, and optical purity for some reactions or some reaction substrates. Therefore, it has been keenly 
demanded in the art lo develop an optically active phosphine compound capable of a new catalytic asymmetric syn- 
thesis reaction or different asymmetric recognition for the sake of utility of chiral compounds and also to develop un- 
symmetric phosphine ligands that could be expected to be different from conventional phosphine compounds in se- 
lectivity (chemoselectrvity and erianttoselecthrfty), conversion, catalytic activity, and optical purity. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a novel unsymmetric diphosphine compound meeting the above demand. 

Another object of the Invention Is to provide a novel unsymmetric diphosphine monoxide compound which is an 
Intermediate for preparing the above-described unsymmetric diphosphine compound. 

A further object of the Invention is to provide a process tor preparing the above-described unsyrnmetrtc diphosphine 
compound and Us intermediate, unsymmetric diphosphine monoxide compound. 

A still further object of the invention is to provide a novel transition meteJ-unsymmetric diphosphhe complex com- 
prising a transition metal, e.g., ruthenium, rhodium, iridium, palladium or nickel, and the above-deecrfoed unsymmetric 
diphosphine compound as a Iigand, which complex Is a promising catalyst for various asymmetric synthesis reactions. 

In the course of study on a Iigand capable of catalytic asymmetric reactions, the Inventors have succeeded In 
synthesis of a novel unsymmetric diphosphine compound having a binaphthyl skeleton and yet having no Cj chlratlty 
and found the compound capable of forming a complex with a transition metal. Based on this finding and as a result 
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of further study, the inventors have reached the present invention. 

The invention relates, in its first aspect, to an un symmetric diphosphine compound represented by formula fl): 




(I) 



75 



20 



wherein Ar 1 and Ar 2 , which are different from each other, each represent a phenyl group, a phenyl group substituted 
with 1 to 5 groups arbitrarily selected from the group consisting of a halogen atom, a tower alky! group, a tower alkoxy 
group, a cfiflower alkyljamino group, a hatogenated tower aJkyf group, and a phenyl group, a naphthyl group, a naphthyl 
group substituted with a lower aJkyl group or a tower alkoxy group, a pyridyl group, a quinolyl group, an isoqutnoryl 
group, a furfuryt group, a bonzofurfuryl group, a thlonyt group, or a boruothtonyl group. 

The Invention relates, In its second aspect, to an unsymmetrte diphosphlne monoxide compound represented by 
formula (II): 



25 



30 




(II) 



wherein Ar 1 and Ar 2 . which are different from each other, have the same meaning as defined above, 
which is an Intermediate for preparing the unsymmetrte diphosphine compound (I). 

The invention relates, In its third aspect, to a process for prepamg the unsymmetrte diphosphine compound (I) 
comprising reacting a2-disubstftuted phosphino^-trrftuoromethanssuHonyloxy-1 , 1 '-binaphthyl represented by formula 
(III): 



45 




("I) 



wherein Ar 1 is as defined above; and Tf represents a trifluoromethanesuff onyt group, 
with a disubatrtuted phosphine oxide represented by formula (IV): 



55 



(IV) 



(A r 1 ) , - P-H 
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wherein Ar* Is as defined above, provided that tt Is different from Ar 1 , 

In the presence of a transition metal-phosphine complex to form an unsymmetric diphosphine monoxide compound 
(II), and reducing the compound (II). 

The invention relates, in its fourth aspect, to a transition metakinsymmstric diphosphine complex, in which the 
transition metal is selected from rhodium, ruthenium, iridium, palladium, and nickel and the unsymmetric diphosphine 
is the unsymmetric diphosphine compound (I). 

Both the unsymmetric diphosphine compound (1) and the unsymmetric diphosphine monoxide compound (II) em- 
brace the (-)-form and the (+Horm, and afl these isomers are included under the scope of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Tho unsymmotric diphosphino compound (I) and the uneymmotric diphosphino monoxido compound (10 aro both 
novel compounds. 

In formulae (I) and (II), Ar 1 and Ar 2 each represent a substituted or un substituted phenyl group, a substituted or 
unsubstrtuted naphthyl group, a pyridyl group, a quinolyt group, an isoquinoryl group, a furfuryl group, a benzofurfuryl 
group, a thienyl group, or a benzothienyt group. Specffic examples of the substfluted phenyl group are p-toryt, p-meth- 
oxyphenyl. p^rifluoromethylphenyi, p-fluorophenyl, pKJimsthylaminopheriyl, p-t-butylphenyl, 3,5«limeihylphenyl, 
3,5-dH-butylphonyl, 3,4.5-trimolhoxyphonyl, a5KfimothyM-mothoxyphonyl, 3,5-ditrifluorcmothylphflnyl, 3,5-dichk> 
rophenyl, pentafluorophenyl. and blphenyl. The substftuted or unsubstrtuted naphthyl group Includes o-naphthyl, p- 
naphthyl, 6-memoxy-a-naphthyl, and $-methoxy-p-naphthyl. The pyrtdyl group Includes 2-pyridyl, 3-pyricyi, and 4~py- 
ridyl. The quinoryl group includes 2-quinolyl, 3-quinolyl, and 4-quinofyL The isoquinoryl group includes 1-isoquhoh/l 
3-isoquinoiyl, and 4-isoquinolyl. The furfuryl group includes 2-furturyl and WurfuryL The benzofurfuryl group includes 
2-bonzofurfuryland3-bon2ofurfuryt. Tho thionyl group includes 2-thionyl and 3- thienyl. Tho bnnzothionyl group irtcludos 
2-benzothienyt and 3-benzothienyl. The substHuents Ari and Ar* are arbitrarily combined with no particular limitation 
as far as they are different from each other. 

Unless otherwise specified, the term 'lower atkyl group" is Intended to Include methyl, ethyl, rvpropyl, tsopropyl, 
n-butyl. isobutyt, sec-butyt and t -butyl groups; the term lower alkoxy group' is intended to include methoxy, ethoxy, 
n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, and t-butoxy groups; the term 'halogen atom" includes fluorine, 
chlorine and bromine; the term "haiogenatad lower alkyt group" includes trifluoromsthyl and trchloromethy! groups; 
and the term "diflower alkyl)amino group" includes a dimethylamino group. That is, the "lower" alkyl or alkoxy means 
alky! or alkoxy having 1 to 4 carbon atoms. 

The 2-disubstituted phosphino-2^trtfluor&rtetr^ (III), which is a starting material used 

in the invention, can easily be synthesized from a known compound, 1 ,1 '-bi-2-naphthol. in accordance with the following 
reaction scheme A. 




VII HI 
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wherein Ar 1 , Ar 2 , and Tf are as defined above. 

In the above schema, Ac represents an acetyl group; Ph represents a phenyl group; Ma represents a methyl group; 
DPPP represents 1,3-blsphenylphosphinopropane; and DMSO stands tor dimethyl sulfoxide (hereinafter the same). 

That is, optically active l.V-bi-2-naphthof (V) ts reacted with uifluoromethanesulfonic acid anhydride (TtjO) to 
obtain 2.2*^is(uifluoromathanasurlony1axy)-1 , 1 '-binaphthyl (VJ) in accordance with the method described in Tetrahe- 
dron Letters. Vol 31, pp. 885-988 & 1945-1948 (1990). The resulting compound (VI) is reacted wfth a disubstituted 
phosphtne oxide (IV) in the presence of palladium acetate, 1,3^isdiphenylphosphinopropane (DPPP), and N,N-d3iso- 
propylethylamtne to obtain a 2-oT3ub3t&utsd phospWnyt-^^rffluoromemanesulIonytoxy-l , 1 '-brnaphthyl (VII) in accord- 
ance with the method described in J. Org. Chem. Vol. 58, pp. 1945-1948 (1 993). The compound (VII) is then reduced 
with, e.g., trichtorosilane to give a 2-disubstituted phosphho^-triftuorometha^ (III). 

Commercially available optically active 1.1'-bi-2-naphthof can be made use of as a starting compound (v). Alter- 
natively, it may bo prepared with easo at high optical purity and in high yiotd by a known procoss disclosed, e.g., in J. 
Ore. Chem.. Vol. 53, p. 3607 (1988) and JP-A-64-13063, which comprises reacting optically active O.O'-dtmethyl-N. 
N'-tetramethyttartarte acid amide obtainable from natural or unnatural tartaric acid with racemlc blnaphthol to form a 
complex between the acid amide and one of the optically active compounds of the raceme binaphthol, and resolving 
the complex. 

The unsymmstric diphosphine compound (I) and the un symmetric diphosphine monoxide compound (II) can be 
synthesized in accordance with, for example, tho following reaction scheme B. 

peactjon pcfreme p ; 




I 



wherein NKdppeJCfe represents |1 ,2-bis(diphenytphc«phino)ethane]nickel dichbride; DABCO represents diazabeyclo 
[2.2,2]octane; and other symbols are as defined above. 

A 2-disubsffiutsd phosphino-2MrifliJoromethan (III) is reacted with a disubstituted 

phosphine oxide in the presence of a catalytic amount of a transition metakphosphtne complex to obtain a 2-disubsti- 
tuted phosphh>2 , -dlsub3tltuted phosphinyH.V-bhaphthyl (II) (unsymmstric diphosphine codds compound). 

The unsymmetrlc diphosphine oxtoe compound (II) Is then reduced with a reducing agent, such as trichtorosilane, 
to obtain a S^-bisfdisubstituted phosphinoH .I'-binaphthyl (I) (unsymmBtric diphosphine compound). 

The transition mstal-phoaphine complex which can be used in the preparation of the unsymmetric diphosphine 
compound (I) and unsymmetric diphosphine monoxide compound (II) includes those comprising cobalt or nickel as a 
transition metal. The phosphtne figand in the complex is not particularly limited and includes triphenytphos chine, tri-o- 
totylphosphine, trl-p-torylphosphlne. trt-m-tolylphosphtne, 1 2-blsdlphenylphosphlnoethane. 1 >blsdlphenylphosphl- 
nopropane, i^lsdiphenyrphoaphlnobutane, 1,5-blsdlphenytphosphlnopentane, and 1,6^isdiphenylphosphlnohex- 
ane. While the reducing agent to be used in the preparation of the unsymmetric diphosphine compound (I) is not 
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particularly limited, a silane compound is usuaDy used. Suitable sQane compounds Include trtchlorosllane, dichforosi- 
lane, chlorosllane, rrothyWlchlorositane, dimethytchtorosltane, phenytdichtorosiiane, phenytmethylchiorosilane, and 
diphenylchtorcsilane. 

The thus prepared novel unsymmetric diphosphine compound (I) serves as a figand to provide a complex with a 
transition metal The transition metals capable of forming a complex with the compound (I) include rhodium, ruthenium, 
indium, palladium, and nickel. 

The transition mataJ-unsymmstric diphosphine complex of the invention can be prepared by known processes as 
described below. In what follows, the symbols V, "cod", and # nbd" stand for a diphosphine compound 0). 1>ey- 
clooctadiene, and norbomadiene, respectively. 

(1) Rhodium Complex: 

A rhodium complex can be prepared by reacting a 2,2'«bls(dlsubstltuied phcsphirK>)-i,v-blnaphthyt (l) with bis 
(cycbocta-1 ,5-diene)modlum (I) tetrafluoroborate In accordance with the method described In The Chemical Society 
of Japan (ed). Dai 4-han Jikken Kaoaku Koxa. VoL 1B, "Yuki Kiruoku Saxutai", pp. 339-344 published by Maruzen 
Co. (1991). Examples of rhodium complexes thus prepared are Rh(L)CI, Rh(L)Bf. Rh(L)l, [RhtcooKLJJBF^ (Rh(cod) 
(L)]CK> 4 , [RhCcocOdJJPFe, [Rh(cod)(L)lBPrv [Rh(nbd)(L)]BF4. |Rh(nbd)(L)]CD 4l [Rh(nbd)(L)]PF 6 , and [Rh(nbd)(L)| 
BPh* (whoroin L roprosonts a diphosphino compound (I) (horoinattor the same)). 

(2) Ruthenium Complex: 

A ruthenium complex can be prepared by reacting a 2,2*-bis(di8ubstituted phosphinoHr-binaphthyl (1) with [Ru 
(cod)Clg) n undor roflux by hoating in tducno solvent in tho prosonco of triothylamino in accordanco with tho method 
described in J. Chsm. Soc. Chem. Commun.. p. 922 (1938). It can also be prepared by heating a 2^2 t -bi6(disubstituted 
phosphho)-1-r-blnaphthyl (I) and IRutp-cymene)!^ In methylene chloride and ethanol while stirring by heating In 
accordance with the method described In J. Chem. Soc.. Chem. Commun.. p. 1208 (1989). Examples of ruthenium 
complexes thus prepared are Ru(OAC) 2 (L), Ru 2 CI 4 (L) 2 N(C a H 6 )3, [RuCI{beruene)(L)]CI, [RuBr(benzene)(L)]Br, [Rul 
(ben2ene)(L)]l. (RuCI(p-cymene)(L)|CI, [RuBn>cymen8)(L)IBr, (Rul(p-cymene)(L)]l, (RufLJKBF^ [Ru^XCIC^Jj, 
fRufDKPF^ and (R^LJKBPh^ 

(3) Iridium Complex: 

An iridium complex can be prepared by reacting a 2.2'-bb(dlsubst!tuted phosphlno)-! ,V-blnaphthyl (I) and (Ir(cod) 
(CH 3 CN)2]BF 4 under stirring in tetrahydrafuran in accordance with the method of J. Orqanomet. Chem.. Vol. 42B. p. 
213 (1992). Examples of the iridium complexes thus prepared are lr(L)CI, lr(L)Br, lr(L)l, [lr(cod)(L)lBF 4 , pr(cod)(L)] 
C0 4 , Pr(cod)(L))PF 6 . (IKCocOtDIBprv, [lr(nbd)(L)]BF 4 , [IrtnbdJfLJlCIO^ Ilr(nbd)(L)lPFe. and prfnbdMDJBip^. 

(4) Palladium Complex: 

A palladium complex can be prepared by reacting a 2,2'-bis(disubstituted phosphino)-1, V-binaphlhyl (I) and a it- 
aDyipalladium chtorids in accordance with the method described in J. Am. Chem. Soc.. Vol. 113, p. 9887 (1991). Ex- 
amples of palladium complexes thus prepared are PdCfe(U (n-aDyl)Pd(L), [Pd(L)]BF 4 . [PdfLMCIO* |Pd(L)]PF e » and 
[Pd(L)JBPh4. 

(5) Nickel Complex: 

A nickel complex can be prepared by dissolving a 2.2 , -bi8(disubstftuted phosphsr»H,r-binaphthyl 0) and nickel 
chloride in a mbted solvent of isopropyl alcohol and methanol and heating the solution with stirring in accordance with 
the method descrfoed in The Chemical Society of Japan (ed). Dai 4-han Jikken Kaoaku Koza. Vol. 18, 'YuH Kiruoku 
Sakutal 1 , p. 376. published by Maruzen Co. (1991 ). Examples of nickel catalysts thus prepared are MCfe(L). NiBr 2 (L). 
Nll a (L). INI(L)](BF 4 fe, [NldHfCK^k WLW**, and [NlfLJKBPrufe. 

The transition metakmsymrnetric diphosphine compound complexes thus prepared can be used as a catalyst for 
asymmetric synthesis, for example, asymmetric hydrogenation and asymmetric hydrosilylation, to give a product of 
desired absolute configuration with a high optical purity. 

For example, asymmetric hydrogenation of a ketone in the presence of a combination of the unsymmetrlc diphos- 
phine compound (I) and a complex precursor, i.e., a metal complex before addition of a ligand (e.g., [Ru(p-cymene) 
lak tor a ruthenium complex, pr(cod)(CH 3 CN)2JBF 4 for an Iridium complex, [(n-aityOPdCife for a palladium complex, or 
NiC*a for a nickel complex), or in the presence of the transition metal complex of the invention gives a corresponding 
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optically active alcohol. This reaction is carried out by dissolving the substrate ketone in an appropriate solvent, such 
as methanol, tetrahydrofuran. methylene chloride, benzene or a mixture thereof, adding the complex of the invention 
in an amount of 1/1000 to 1/10 mol per mola of the substrate, and keeping the reaction system at 10 to 50»C at a 
hydrogen pressure of 2 to 100 kgfcm 2 . 

5 Thus, the invention provides a novel u asymmetric diphosphine compound, 2,2'-bis(disubs!ituted phosphino)-1 ,V- 

binaphthyl compound. The un6ymmetric diphosphine compound of the invention is capable of forming a complex with 
a transition metal, such as rhodium, ruthenium, iridium, palladium or nickel. The resulting transition metal complex 
catalyzes various asymmetric synthesis reactions, such as asymmetric hydrogenattan and asymmetric hydros llylation, 
exhibiting excellent performance in selectivity, conversion, and catalytic activity, to provide a product of desired absolute 

io configuration at high optical purity and in high yield. 

The present invention wfll now be illuel rated in greater detail with reference to Examples, but fl should be understood 
that tho invontion is not limited thoroto. (Unless olhorwiso indicated, all tho porcenls aro by wofght.) 

Equipment and instruments used for measuring physical properties of the products prepared are as follows. 

15 NMR Model AM-4C0 (manufactured by Bruker Inr.) 

1 H-NMFt 400 MHz, tetramethytsilane (interna) standard) 
"P-NMR 162 MHz. 85% phosphoric acid (outer standard) 
Molting Point: Model MP-500D (manufacturod by Yanaco Co.) 
Optica] Rotation: Model DlP-4 (manufactured by JASCO Inc.) 
20 GLC: Model 5890-lt (manufactured by Hewlett Packard) 

HPLC: LC10AT, SP010A (manufactured by Shimadzu Corp.) 

Mass Spectrum: M-B0B (manufactured by Hitachi, Ltd.) 



EXAlvPLE 1 

(1) Synthesis of (SJ^'-BlsftrfluorcfnetrtanesuN^ (VI): 



In 181 ml ol methylene chloride were dissolved 3S.2 g (127 mmol) of (S)-1 ,1'-bH2-naphtho! and 25.2 g (31 9 mmol) 
ol pyridine, and the solution was cooled to O^C. To the solution was added dropwise 76.5 ml (271 mmol) ol trifluor- 
so omethanesuBonie acid anhydride, followed by stirring at room temperature for 18 hours. The reaction mixture was 
washed with 200 ml of a 2N hydrochloric acid aqueous solution. The organic layer was washed with water and then 
with a sodium chloride aqueous solution, and the solvent was removed by evaporat ion to give 69.3 g of a crude product 
RecrystaOization from 280 ml of hsxane gave 64.1 g (yield: 92%) of tha title compound. 
1 H-NMR (CDCI 3 ) 6 ppm: 7.25-S.15 (m, aromatic proton) 



(2) Synthesis of (S)-2-Di(2-r^apWhyl)ph^ (VII): 



In 45 ml of dimethyl sulfoxide (DMSO) were dissolved 9.1 g (16.5 mmol) of (S)-2,2 , -bls(trinuorom8thanesulfony- 
loocyHr-bfnaphthyi, 0.372 g (1 .65 mmol) of palladium acetate, 0.6B3 g (1 .65 mmol) of 1 ,3-bie(dlphanylphosphino)pro- 

40 pane, and 0.11 3 g (1 .65 mmol) of sodium formate, and the solution was stirred at room temperature for 1 .6 hours. To 
the solution was added a solution of 6.00 g (19.8 mmol) of c3(2-naphthyf)phosphine oxide and 5.8 ml (33 mmol) of N, 
N'-diisopropytethylamine in 55 ml of DMSO, followed by stirring at 10CPC for 4 hours. The reaction mixture was cooled 
to room temperature, and 75 ml of methylene chloride was added thereto. The solution was cooled on an ice bath, and 
1 00 ml of a 2N hydrochloric add aqueous solution was slowly added thereto dropwise. After stirring at room temperature 

45 for 30 minutes, the mixture was allowed to stand for liquid-liquid separation. The aqueous layer was extracted with 
methylene chloride. The combined organ ic layer was washed with water and dried over magnesium sulfate. The solvent 
was removed by concentration, and the residue was purified by silica gel column chromatography (haxane:ethyl ace- 
tate=4: 1 to 1 :4 by volume) to obtain 8.45 g (75.3%) of the title compound as yeSowish white crystals. 

so Melting point 122-12PC 

Optical rotation: [a]* -66.8* (c=1.00, toluene) 
'H-NMR (CDCI3) 6 ppm: 6.99-8.05 (m, aromatic proton) 
*1P-NMR (CDCy 6 ppm: 29.03 
Mass spectrum (m/z): 703 ((M+H) 4 ] 



(3) Synthesis of [S)-2-DI(2-r^aphmyt)phoaphln^ (III): 

Trichlorosilane (37 ml, 37 mmol) was added to a mixture of 8.59 g (12.2 mmol) of (S)-2Kfi(2-riaphthyl)phosphinyl- 
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^•(triftuoromathanasul/onybxy^l.l'-blnaphthyl 170 ml ol toluene, and 4.6 mJ (36 mmoT) of cfimethytaniOne, and the 
mixture was stirred at 90* C for 1 hours and then under reflux lor 22 hours. The reaction mixture was cooled, and 150 
ml of a 1 N sodium hydroxide aqueous solution was sbwiy added thereto dropwisa. The aqueous layer was extracted 
with 50 ml of toluene. The combined organic layer was washed successively with 1 50 ml of water. 150 ml of a IN 
s hydrochloric acid aqueous solution, and two 150 ml portions of water. The organic layer was concentrated, and the 
residue was purified by silica gel column chromatography (hexane:ethyl aceiate=1:0 to 9:1 by volume) to obtain 7.00 
g (83.9%) of the title compound as a yellow solid 

Melting point 113-115°C 
w Optical rotation: [a]** 43.9* (c=l .00. ethanof) 

iH-NMR (CDCy 6 ppm: 6.86-8.07 (m. aromatic proton) 
"P-NMR (CDCIJ 5 ppm: -10.95 
Mass spectrum (m/z): 685 (M+) 

15 [A) Synthesis of (S)-2«Di(2-naphthyi)priosphi^ (II): 

In 4 ml of dimelhylformanuda (DMF) were tfssolved 1.00 g (1.48 mmol) of (S)-2-di(2-naphthyl)phosphirx>2 , -(trif- 
luoromothanesutoyloxy)-1.1'-bjnaphthyl, 0.327 g (£91 mmoJ) ol aazabicycio[2,2,2]octano (DABCO), and 76.9 mg 
(0. 146 mmol) of [i.2-bls(dlphenylphosphlno)ethane)nlckel dlchlorlde (Nl(dppe)Cy , and the solution was stirred at room 

20 temperature for 1 hour. To the solution was added a solution of 0.357 g (1 .77 mmol) of d{phanylphosphine oxide In Z4 
ml of DMR The mixture was stirred at 100*0 lor 16 hours, followed by concentration. To the residue was added 10 ml 
of methylene chloride, and the solution was washed successively wfth 10 ml of water and 10 ml of a 1 N hydrochloric 
acid aqueous 'solution. Tho solution was concontretod, and the rosiduo was purified by silica go I column chromatog- 
raphy (hexane:ethyt acetate=1:0 to a 1 by volume) to give 0.59 g (5S.2%) of the title compound as a yellowish white 

25 solid. 

Melting point 242-245°C 
Optical rotation: [a]f 40 A* (c=l.00. chloroform) 
*P-NMR (CDCy 8 ppm: -1309, +28.21 
30 Mass spectrum (m/z): 738 (M*) 

(5) Synthesis of (S^-Di^'HTaphthylJptic^hta (I): 

Trichtorosilane (0.3 ml, a6 mmol) was added to a mixture of 0.535 g (0.723 mmol) of (S)-2-d(2-naphthyf)phos- 
38 phino-?-dphenylphosphinyl-1 l 1 , -binaphlhyt, 0.46 ml (3.6 mmoO of dimethylanlline, and 11 ml of toluene, and the mfc- 
ture was stirred at 90* C for 1 hour and then under reflux for 24 hours. The reaction mixture was cooled on an ice bath, 
and 21 ml ol a 1N sodium hydroxide aqueous solution was added thereto. The aqueous layer was extracted with 
toluene, and the organic layer was washed successively with 10 ml of water. 21 ml of a 1N hydrochloric acid aqueous 
solution, and two 10 ml pontons of water. The solution was concentrated, and the residue was purified by silica gel 
<o column chromatography (hexane: ethyl acetate=1:0 to 1:1 by volume) to afford 0.426 g (81.2%) of the title compound 
as a white solid. 

Melting point 140 -143° C 
Optical rotation: la)f -190.41* (c=0.50, toluene) 
45 "P-NMR (CDCy 6 ppm: -14.73 (d. J=10.5Hz), -13.43 (d, J=10.5Hz) 

Mass spectrum (m/z): 722 (M+) 

EXAMPLE 2 

50 (1) Synthesis of (RJ^-Diptonytphosphlny^^rffluor^^ (VII): 

In 100 ml of DMSO were dissolved 11 g (20 mmol) of (R)-2^-bis(trifluoromethB^esulf^ 
0.255 g (50 mof%) of palladium acetate, and 0.43 g (50 moJ%) ol 1 ,4-bis(dipherrylprw»phTO)propane, and the solution 
was stirred at room temperature for 1.5 hours. To the solution was added a solution of 8.08 g (40 mmol) of diphenyl- 
53 phosphlne oxlds and 20 mi of N.N'-cfflsopropylethylarnine in 1 00 ml of DMSO, followed by stirring at 1 00° C for 1 2 hours. 
The reaction mixture was cooled to room temperature, and 75 ml of methylene chloride was added thereto. The solution 
was cooled on an Ice bath, and 1 00 ml of a 2N hydrochloric acid aqueous solution was slowly added thereto dropwlse. 
After stirring at room temperature for 30 minutes, the mixture was allowed to stand for liquid-liquid separation. The 
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aqueous layer was extracted with methylene chloride. The combined organic layer was washed with water and dried 
over magnesium sulfate. The solvent was removed by concentration, and the residue was purified by silica gel column 
chromatography (hexane:ethyl acetate=4: 1 to 1 :4 by volume) to obtain 1 1 .5 g (96%) of the title compound as yellowish 
white crystals. 

Optical rotation: [a}** +44.45* (c=0.50. chloroform) 
1 H-NMR (CDCI3) 6 ppm: 7.00-8.01 (d. m, aromatic proton) 
31 P-NMR (CDCIj) 5 ppm: 2B.73 



io (2) Synthesis of (RJ^-Diphenylphosphino^-ftrifiuorom (III): 



Trichlorosilano (2.5 mi, 25 mmol) was addod to a mbduro of 11.5 g (19.2 mmof) of (RJ-Sn^anylpnc^hinyl^- 
(t rrfl uoromemsnesutfony loxy)- 1 , 1 '-blnaphthyl, 170 ml of toluene, and 3.1 ml (24 mmol) of dlmethytanlflne, and the mix- 
ture was stirred at 90»C tor 1 hour and then under reflux for 7 hours. The reaction mixture was cooled, and 150 mJ of 
15 a 1 N sodium hydroxide aqueous solution was slowly added thereto dropwise. The aqueous layer was extracted with 
50 ml of toluene, and the combined organic layer was washed successively with 150 ml of water, 150 ml of a 1N 
hydrochloric acid aqueous solution, and two 150 ml portions of water. The organic layer was concentrated, and the 
residue was purified by silica gol column chromatography (hoxano:othyl acolatosl :0 to 9:1 by volume) to afford 9.03 
g (60%) of the title compound as a yellow solid. 

20 

Melting point 55-58*0 

Optical rotation: [a]§* -110.6° (c=0.B5, methylene chloride) 
tH-NMR tCDCy h ppm: 6.63-6.20 (m, aromatic proton) 
31P-NMR (CDCy 6 ppm: +30.60 

2$ 

(3) Synthesis of p)-2-Dipheny1phosphino-2*-<fi(p^ (I): 

A mixture of 0.99 g (1 .63 mmd) of (R)-2^iphenylphosphino-24^ uo ' w ,1 -binaphlhyl, 1 79.4 

mg (0.340 mmol) of (1,2-bis(diphenyiphosphino)sthane]nickel dichloride, 875.0 mg (7.02 mmol) of DABCO, and 4 ml 

30 of DMF was stirred at room temperature for 1 hour in a nitrogen stream A solution of 2.18 g (6.45 rnmoQ of di(p- 
trtnuoron^thyiphenyQphosphine oxide in 14 ml of DMF was added thereto, followed by stirring at 100°C for 25 hours. 
The solvent was removed by evaporation under reduced pressure, and the residue was dissolved in 50 ml of dichlo- 
rom ethane. The organblayerwas washed successively with 20 ml of water arid 20 rrt of a INrrydrochloric acid aqueous 
solution, and dried over anhydrous sodium sulfate. The solvent was removed by evaporation under reduced pressure, 

33 and the residue was purified by silica gel column chromatography (hexane:ethy1 acetate=1 5:1 by volume) to yield 0.49 
g (37%) of the title compound. 



Melting point: 110-112*C 

Optical rotation: |ajg* +69.1 • (c=0.50, chtoroform) 
<0 iH-NMR (CDCy 5 ppm: 6.77-7.93 (m) 

aip-NMR (CDCy 6 ppm: -14.5, -14.7 
Mass spectrum (m/z): 759 (M+) 

EXAMPLES 3 TO 6 

45 

Unsymmatric diphosphine monoxide compounds (II) shown in Table 1 below were prepared in the same manner 
as in Examples 1 and 2. 



TABLE 1 



Example No. 


Ar' 


Ar* 


Physical Properties 


3 


phenyl 


prolyl 


m.p. 143-1 50°C 
[a$ +32.4° (c=0.500, CHCI3) 
31 P-NMR (CDCy 6: +27.9, -14.6 
Mass spectrum: 667 (Wh) 
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TABLET (continued) 





Example No. 




Af2 


Physical Prop art tea . 




4 


phenyl 


biphanyl 


m.p. 24S-250°C 


5 








Wg* +2.40* (c=0.500, CHCy 
*P-NMR (CDCy 6: +27.7, -14.7 
Mass sped rum: 791 (M*) 




5 


phenyl 


p-fluorophenyl 


m.p. 130-135°C 

[ajg 1 468.2° (c^O.501. CHCy 


10 








a, P-NMR (CDCIj) 6: +26.5, -14.6 
Mass spectrum: 650 (M+) 




6 


phenyl 


2-thienyl 


m.p. 249-252 B C 
[a}g l +0.59*(c=1.01 l CHCI 3 ) 
31 P-NMR (CDCIJ 6: +116, 14.7 


IS 








Mass spectrum: 650 (M+) 



EXAMPLES 7 TO 10 , 



Unsymmetric diphosphine compounds (I) shown in Table 2 below were prepared in the same manner ae in Exam- 
ples 1 and 2. 



TABLE 2 



Example No. 


Ar' 


Ar* 


Physical Properties 


7 


phenyl 


p-toryl 


m.p. 207-209*C 
fag* +86.36* (0=0.506, CHCI^ 
* 1 P-NMR (CDCI3) & -18.4, -14.8 
Mass spectrum: 651 (M*) 


B 


phenyl 


b iphenyl 


rap. 278-281 °C 
[a|* +12.49° (0=0.512, CHCI 3 ) 
31 P-NMR (CDCI3) 6: -15.8, -14.7 j 
Mass spectrum: 775 (M+) 


9 


phenyl 


p-fluorophenyl 


rap. 271-272°C 
[ag 1 +1.99° (c=0.502, CHCI3) 
*P-NMR (CDCI3) fc -16.9, -14.6 
Mass spectrum: 659 (rVr~) ; 


10 


phenyl 


2-thienyl 


rap. 185-1B8°C 
[a]g* +170.74* (c=1.0a CHCI3) 
31P-NMR (COd 3 ) * -41.0, -14.4 
Mass spectrum: 634 (M*) 



EKAMP^S11TD16 



Ruthenium complexes and rhodium complexes were prepared by using the symmetric diphosphine compounds 
(1) obtained in Examples 1 , 2, and 7 to 1 0 as figands. The NMR data of the resulting complexes are shown in Table 3 
below. 

(1) Synthesis of Ruthenium Complex: 

In a mixed solvent of 6 ml of methylene chloride and 3 ml of etnanoJ were dissolved 48.9 mg (0.05 mmot) of [Ru 
(p-cymene)!^ and 0.1 mmol of the unsymmatnc diphosphine compound (I). The solution was stined at 50*0 for 3 
hours and then concentrated to obtain a ruthenium complex. 

(2) Synthesis of Rhodium Complex 

In a mixed solvent of 5 ml of letrahydrof uran and 5 ml of methylene chloride were dissolved 40.5 mg (0.1 mmol) 
of [RhfcocOJBF* and 0. 1 mmol of the urisymmetrlc diphosphine compound (I). The solution was stined at room tem- 
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pera'.ure tor 2 nours and than concentrated to obtain a rhodium complex. 

5 

10 

16 
20 
25 
30 
95 
40 
45 
SO 
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APPUCATION EXAMPLE 

Hvdrooenatior. of Ketopantoiaclona 

A mbeture of 86 mg (0.1 1 mmoO of (S)-2-di(2-naphlhy!)phosphino-2 , 'diph8nylphosphin^1 , V-btnaphthyi, 28 mg (0.1 
mmol) of [Ru(cod)Cy n . 3 ml of toluene, and 0.05 ml (0.4 mmol) of Ixiethylamine was healed under reflux for 16 hours 
In a nitrogen stream. The solvent was removed by evaporation, and the residue was dried to soDd under reduced 
pressure. 

In a stainless steel-made autoclave were charged 9.S mg (0.01 mmol) of the resulting catalyst Ru^CI^S)^ 
(2-naphihyfyphosphino-2'Kiiphenylph 250 mg (2 mmof) of Ketopantotactone 

(dihydro-4,4-dimathyl-2>furandicn8 ( produced by Aidrich Co.), 2.5 ml of tsopropyl alcohol, and 6.5 mg (0.1 mmol) of 
potassium hydroxide, and the mixture was stirred at 50* C and 50 aim for 16 hours. Tho reaction mixture was concen- 
trated, and the residua was purified by silica gel column chromatography (hexanerethyl acetate=3:1 to 1 : 1 by volume). 

The resulting hydrogenation product (25 mg) was stirred with 150 mg of (S )-a-methaxy-c-t rtfl uoromethylph eny- 
(acetyl chloride and 0.5 ml of pyridine to be converted to an (3)^-methoxy-a4rifluorcjmethy1phenytacetate, which was 
then analyzed by HPLC under the following conditions. As a result, the optical purity of the product was found to be 
50% ee. 

HPLC Column: Inertsil (produced by GL Science) S1L Sum, 4.6 x 250 mm 
Etuent hexanenetrahydrofuran=9S:5 by volume 

Flow rate: 1 ml/min 
Detection: UV(254nm) 

While the invention has been described in detail and with reference to specific examples thereof, B w3l be apparent 
to one skilled fen the an that various changes and modmcatlons can be made therein without departing from the spirit 
and scope thereof. 

Claims 

1. An unsym metric diphosphine compound represented by formula (I): 



(I) 




wherein Ar 1 and Ar 2 , which are different from each other, each represent a phenyl group, a phenyl group 
substituted with 1 to 5 groups arbitrarily selected from the group consisting of a habgen atom, a lower alxyl group, 
a lower alkoxy group, adiflower aIkyf)amino group, a halogenaled tower alky I group, and a phenyl group, a naphthyl 
group, a naphthyl group substituted with a lower alkyi group or a lower alkoxy group, a pyridyl group, a quinoryl 
group, an isoqurtoiyJ group, a furturyl group, a benzofurf uryt group, a thienyl group, or a benzolhienyl group. 

2. An unsym metric diphosphine monoxide compound represented by formula (II ): 
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15 



(II) 



wherein Ar 1 and Ar 2 , which are different from each other, each represent a phenyl group, a phenyl group 
substituted with 1 to 5 groups arbitrarily soioctod from tho group consisting of a habgon atom, a lower alky! group, 
a bwar alkoxy group, a dl(lowar alkyt)amlno group, a habgenated bwer alkyl group, and a phenyl group, a naphthyl 
group, a naphthyl group substituted with a bwer alkyl group or a bwer alkoxy group, a pyrtdyl group, a quinolyl 
group, an isoqutnoryl group, a f uriuryl group, a benzofurfuryl group, a thienyl group, or a benzothlenyl group. 

3. A process for preparing an uneym metric d'phosphine compound represented by formula (I): 



20 




(I) 



30 wherein Ar 1 and Ar 2 , which are different from each other, each represent a phenyl group, a phenyl group 

substituted with 1 to 5 groups arbitrarily selected from the group consisting of a habgen atom, a lower alkyl group, 
a bwer alkoxy group, a di(iower aJ kyQamlno group, a habgenated bwer alkyl group, and a phenyl group, a naphthyl 
group, a naphthyl group substituted with a bwer alkyl group or a bwer alkoxy group, a pyridyl group, a quinolyl 
group, an tsoquinolyl group, a f uriuryl group, a benzofurfuryl group, a thienyl group, or a benzothienyt group, 

55 comprising reading a 2-disubstftuted prx)sphinc-2'4rifluororTOthane3ulforrytoy-1 ,1 '-binaphthyt represented by 

formula (111): 




(III) 



wherein Ar 1 is as defined above; and Tf represents a trifluoromethanesuffonyl group, 
with a cQsubstltuted phosphine oxide represented by formula (IV): 



0 

II 



(IV) 
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wherein Ar 2 is as defined above, provided that Ar 2 and Ar 1 are not the same, 
in the presence of a transition metal-phosphlne complex to form an unsymmetric diphosphine monoxide compound 
represented by formula (II): 




(ID 



wherein Ar 1 and Ar 2 are as defined above, provided thai Ar 1 and Ar 2 are not the same, 
and reducing the compound represented by formula (II). 

4. A transition motal-unsymmotric diphosphino complex, comprising an unsymmotric diphcsphlno compound repre- 
sented by formula (I): 



PAr n 2 

(I) 




PAr 2 2 



wherein Ar 1 and Ar 2 , which are different from each other, each represent a phenyl group, a phenyl group 
substituted with 1 to 5 groups arbitrarily selected from the group consisting of a habgen atom, a lower alky l group, 
a toweralkoxy group, ad i(lower alkyl)amlno group, a hatogeriated bwer alkyl group, and a phenyl group, a naphthyl 
group, a naphthyl group substituted with a tower alkyt group or a lower aJkoxy group, a pyridyl group, a quinolyl 
group, an isoquinotyl group, a furfuryl group, a benzofurfuryl group, a thienyl group, or a benzothienyt group. 

A transition metalHjnsyrnmetric diphosphine complex as claimed In Claim 4 wherein said transition metal ts selected 
from rhodium, ruthenium. Iridium, palladium, and nickel 
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